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METHODS
Simulation details. All simulations were run using the GPU/CUDA-accelerated implementation of AMBER PMEMD (Version 14.0) 1, 2 from AMBER 14 3, 4 . Periodic boundary conditions were applied, with the electrostatic interactions evaluated by means of particle mesh Ewald (PME) summation 5 with 4 th order B-spline interpolation and grid spacings of 1.0 Å. A cut-off of 10 Å limited the direct space sum and truncated the van der Waals interactions. Bonds involving hydrogen were subjected to length constraints provided by the SHAKE algorithm 6 . The Langevin coupling scheme 7 , with a collision frequency of 1.0 ps -1 , regulated temperature while a Berendsen barostat 8 maintained a reference pressure set to 1.0 bar. All simulations utilized the hybrid SPFP precision model of Le Grand and Walker 9 .
Self-assembly simulations. Three repeats with Lipid14 parameters were conducted for each of the four lipid systems in Supporting Table 1 (POPC, DOPC, POPE and DPPC), starting from the same initial random configuration of lipid, water and ions, but using different random seeds for each repeat. After a 10,000-step minimization, the following simulation protocol was followed: i) 10 ns simulation at production temperature with 0.5 fs time step and isotropic pressure coupling (NPT) using initial velocities generated from a Boltzmann distribution; ii) 10 ns simulation at production temperature with 1.0 fs time step and isotropic pressure coupling (NPT); iii) Simulation at production temperature with 2.0 fs time step and anisotropic pressure coupling (NPT). The production temperature was maintained across all three steps, above the phase transition temperature of the simulated phospholipid (see Supporting Table 1 for specific temperatures). The simulation parameters applied in step iii) are identical to those used in the production phase of the Lipid14 parameter validation simulations 10 .
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Equivalent systems as listed in Supporting Table 1 , with the same number of lipids, waters and ions, were generated with the Charmm C36 force field 11 and converted to AMBER topology and coordinate files using CHAMBER 12 . In three simulation repeats per lipid, the same procedure as for the Lipid14 systems was followed and the same simulation settings applied.
Trajectory analyses. Since asymmetric lipid distribution was observed in most of the simulations (Table 1) The bulk of the analyses described above was carried out using PTRAJ/CPPTRAJ 3, 16 , and the snapshots in Figure 1 were generated using VMD 17 . a Three simulation repeats (1 μs each) were conducted for each system, both with Lipid14 parameters and Charmm C36 parameters.
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Supporting
Supporting Table 2 : Additional average structural properties calculated for the selfassembled Lipid14 and C36 bilayers and comparison with experiment a Repeats listed in the same order as in Table 1 b Calculated from the interval from 50 ns after bilayer was fully formed until 1 μs of total simulation time. Due to an initial bilayer equilibration phase, the properties were calculated from the last 400 ns for the last Lipid14 DPPC repeat listed. Table 1 and are representative of all three repeats (though with different timings). The lipids eventually adopt a highly ordered configuration, where tails from opposite leaflets completely overlap in parts of the membrane (after 560, 600 and 700 ns for the three repeats, respectively). This configuration is very stable for the remainder of the simulation.
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S10 CAPTIONS FOR SUPPORTING VIDEOS
Supporting Video 1: DOPC self-assembly. The video shows the first 250 ns of the first Lipid14 DOPC self-assembly simulation listed in Table 1, 
